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PROBLEM

Collect underwater ocean truth data in conjunction with the NIMBUS VII
Coastal Zone Color Scanner (CZCS) experiment. Provide collected data for cor-
relation of remote radiometric measurements with the biological constituency
and optical properties of the seawater investigated.

RESULTS

Downwelling and upwelling spectral irradiance measurements were made at
five stations in the Atlantic Ocean and the Gulf of Mexico for correlation
with concurrent satellite measurements. Preliminary examination of expendable
bathythermograph data suggests that a correlation between irradiance data and
water temperature may exist where thermocline structure is significant.

RECOMMENDATIONS

1. Comparison and possible correlation among spectral irradiance, spec-—
tral X, and chlorophyll and/or suspended matter should be attempted.

2. Possible correlation between irradiance data and water temperature
should be examined.

3. Use of a ship's electronics laboratory as a control site for radio-
metric work is recommended, sirce such an arrangement proved effective during
the NOAA CZCS cruise.

4. Since it was determined that the euphotic depth a4 X the Secchi disk
depth, it is recommended that this be employed as a first approximation of
euphotic depth.

5. Significant modifications should be made to the underwater irradiance
meter to improve the quality of the measurements, increase depth resolution,
and reduce time on station. -
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1.0 INTRODUCTION
1.1 BACKGROUNL

The Naval Ocean Systems Center (NC3C) has been engaged for some 10 years
in various programs and efforts to investigate and effect optical communica-
tion between airborne/satellite and underwater platforms. Such involvement
necessarily requires analysis and mathematical modeling of the propagation
path or "link" consisting of the atmosphere, the air-sea interface, and the
sea itself . Because the properties of the seawarver portion dominate and
largely coustitute the salient rharacteristics of the 1link, significant
analysis, study, and field_measurement of the seawater path have been pex-
formed by NOSC personael.”’ Indeed, this measurement activity and need for
seawater-related information is a continuing concern in ccitemporary programs
at NOsC.

A portion of the Strategic Blue/Green Optical Communications Program,
under the sponsorship of the Naval Electronic Systems Command, the Office of
Naval Research, and the Defense Advanced Research Projects Agency is concerned
with investigating the possibility of correlation between remote radiometric
measurements of the sea surface made from satellites and the optical para-
meters of the underlying sea. BAs technical advisor for this program, and in
view of our background, it was fitting that NOSC should favorably respond to
an inquiry from US Department of Commerce, National Bureau of Fisheries,
regarding the possibility of cooperative support in obtaining detailed under-
water data in conjunction with NIMBUS VII satellite measurements.

1.2 PURPOSE

The purpose of the NOSC participation in the oceanic cruise of the Re-
search Vessel ALBATROSS IV was to collect underwater ocean data in conjunction
with the NIMBUS VII Coastal Zone Color Scanner (CZCS) experiment. Underwater
spectral irradiance measurements were to be made in six narrow spectral bands
to euphotic depth at a time coincident with satellite flyover. Water chloro-
phyll and suspended matter samplss would be taken by marine hydrocasts per-
formed by Bureau of Fisheries personnel simultaneous with the NOSC-conducted
measurement. The data collected would be compared later to provide a correla-
tion of remote radiometric satellite measurements with the biological con-
stituency and optical properties of the seawater investigated.

1 NOSC TR 387, Naval Blue/Green Single-~Pulse Downlink Propagation Model, by

Technical Advisor to the Blue/Green Optical Comminication Program Joint
Courdinating Committee, 1 Janvary 1979.

2 NELC TD 489, Sulmarine/Aircraft Optical Communications System (SAOCS), vol
IIi, Feasibility System Description, by D. O. Milstead et al, 28 October
1976.

3

NELC TD 490, OPSATCOM Field Measurements, vol II; by R. D. Andérson et al,
i June 1976.




2.0 CRUISE DESCRIPTION

2.1 SCHEDULE

NOAA Cruise 80-01 began as the RV ALBATROSS IV departed from Woods Hole,
MA, in midafternoon on 4 February 1980; the weather was clear and cold (21°F).
As the vessel proceaded southward, the sky was generally overcast, the sea was
moderately rough to rough at times, and the air temperature gradually in-
creased.

The first radiometric measurements were taken on 6 February at station 15
under overcast sky. The deployment procedure agreed upon was implem -ted
successfully despite light snow flurries; some difficulty was encountered In
stowing the underwater unit after taking the measurements. After some discus-
sion, it was decided to move the NOSC radiometer control site from the main
deck wet lab to the next upper deck in the electronics lab area. This new
location proved highly satisfactory and was used for the remainder of the
cruise.

Malfunctioning of the NOSC radiometer was detected late on the afternoon
of 6 February after the move. After performing checks for loose components,
moisture, leakage, broken wires, etc, console readout indications were still
vnsatisfactory and attempts were made on 7 February to contact the instru-
ment's manufacturer by radiophone patch. After appreciable effort and several
poor contacts, further efforts were postponed until 8 February.

During successful radiophone patch communication on 8 February, arrange-
ments for shipment of suspected failed parts were made. These would be

awaiting scheduled arrival of RV ALBATROSS IV in Miami, FL, on 12 February

1980. Further checks suggested during the radio communication reinforced the
choice of replacement parts to be shipped ané also negated any need for fur-
ther talks with the manufacturer.

Deck cell measurements of total sky illuminance were made from about 0800
to 1600 hours from 9 February through 17 February inclusive; sun/sky ratio was
measured on the few days when the sun was visible. Underwater spectral
irradiance measurements were reinitiated on 13 February after successful
installation and checkout of electronic components at Miami on 12 February.
Satisfactory data collection was performed on 13, 14, 15, 16, and 17 February
during satellite flyover, although sky conditions featured broken clouds or
overcast.

Hydrocasts for chlorophyll content and suspended matter were made, and
expendable bathythermographs (XBTs) were made during eight of the 12 possible
candidate flyovers to form an incomplete measurement complement. It was
anticipated that these data could help to establish correlation between non-
optical water characteristics and the remote satellite measurements. TLater
correlations between underwater spectral irradiance measurements, hydrocast-
XBT data, and data from the satellite might possibly be strengthened by the
incomplete measurement complement.

L. ..




2.2 SATELLITE FLYOVER TIME

A calculation was made prior to 0800 hours each morning to determine the
flyover time and longitudinal displacement of NIMBUS VII for that day. An
estimate of ship's position for near midday was obtained from Chief Scientist
R. Marak or from Ship's Commander M. Fleming. This information, plus orbital
tables and a temporal-positional correction curve for NIMBUS VII, were used to
effect the calculation. After determining rflyover time, the author would so
inform the Chief Scientist and also pc st the information on the chalk board in
the Scientists' Study, where numerous daily briefings were held.

About 45 minutes prior to flyover, the ship was stopped, XBT and hydro-
cast measurements were made and then the NOSC radiometer was deployed. The
timing was such that satellite £flyover occurred about midway through the
spectral irradiance measurement set. Figure 2-1 shows the ship's positions
for the candidate satellite flyovers.

2.3 SATELLITE SUMMARY

A summary of satellite-related conditions and of the measurements taken
during the cruise is given in table 2.1.

3.0 MEASUREMENT SYSTEM

3.1 SPECTRAL IRRADIANCE METER

The underwater radiometer used on this cruise was built to NOSC specifi-
cations by Research Support Instruments, Inc, of Timonium, MD, and their
electronics subcontractor, Spa Com Electronics of Camarillo, CA. The instru-
ment, Model 31-187, is a six-channel oceanographic optical instrument system
consisting of sensor, tankage, cabling, and surface control unit.

The' sensor assembly consists of cosine collectors to ccllect the down-
welling and upwelling radiation, a rotating mirror to direct the radiation to
the detector, and a detector assembly. The various wavelengths are selected
by indexing filters in a wheel into the beam. Six positions are available,
nominally 440 mm, 488 nm, 500 nm, 520 nm, 550 nm, and 670 nm. The detector is
a minature photomultiplier +ube packaged in a pulse amplifier-high voltage
supply package. These components are housed in a stainless steel tank de-
signed for use at depths to 150 m.

The surface control wumit controls and monitors all functions of the
sSensor. The detector system pulse output is fed to this unit, where the
microprocessor system averages the data to reduce surface effects. subtractes
dark count informagion, and provides autoranging. The system hac a total
dynamic range of 10 . The data are displayed on an ICD monitor, and are also
available at connector outputs as raw pulses and analog information. Calibra-
tion is discussed in appendix A.
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Date, |Station | Flyover Longitude % Cloud Zenith Sky Lum- Hydro-

Feb 80 No Time1 Displacement2 Cover™’ Photo4 inance5 cast
6 15* 1040 +11.6° 100 0 X 0
7 -2 1058 - 7.3°° 100 0 0 0
8 23 1117 - 4.1° 0 0 0 b4
9 27 1136 - 1.6° 100 0 X X
10 3c 1153 + 1.2° 100 0 X 0
11 33 1212 + 5.0° 100 0 X 0
12 37 1046 ~-16.0° s/s1=5.5 0 X X
13 40* 1104 +11.4¢ <100 0 X X
14 43* 1123 -10.0° <100 0 X X
135 47* 1143 - 6.4° 100 0 X X
16 51* 1202 + 0.08° x50 X X X
17 55* 1221 + 1.79° =75 X X X

Eastern Standard Time

Longitudinal difference between ship's position and meridional plane of

satellite orbit.
plane; positive means ship

Estimated at flyover time.

Negative displacement indicates ship was west of orbital
was east of orbital plan.

Collection of this extra bit of information was initiated at station 51.

Sky luminance measured with photopic deck cell; S/S1 indicates sun/sky
ratio where applicable.

Underwater spectral irradiance measurements taken.

X Measurement made or action taken.

0 No measurement or action.

Table

2-1. Satellite flyover conditions.

Estimated from XBT log; between stations 17 and 18.

The sensor can be commanded tc operate in two modes, either continuocusly

running or pausing.

In the continuous run mode,
the light path and held for about 15 seconds; then the next

each filter

is indexed into
*ilter is moved
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into position. Total cycle time is about 2 minutes, and the sensor will
operate in this fashion continuously. 1In the pause mode, a filter must be
commanded into position. Front panel readout will give the filter position.

The underwater unit (UWU) was mounted in o 0.76-m—diameter stainless
steel hoop and bridle assembly for deployment. A lead weight of 100 pounds
was suspended from the hoop to stabilize the unit and to minimize wire angle.
_.e effectiveness of this arrangement was quite satisfactory, as observed by
the operator viewing the ILCD readout of UWU pitch and roll which, for the most
rart, were nearly always less thar + 3°. Instrument depth was also read frem
the ICD and then recorded for each measurement seguence. Figure 3-* ‘s 2
block diagram of the equipment complement. Appendix B lists the spe =1
filter characteristics and appendix F shows the deployment hoop.

: DECK
CELL
OIrr—nm peck O cew [ oo i o s o |
H——————O4—0—
PERATOR'S PANEL + — ;l\.,!:qKE ——
ONTROL ELECTRONICS ~
- conTROL PRINTER

NWVMV\NVWWV\MVW\NMWMMNWMVWWWW\‘M

|

> UNDERWATER UNIT

| - |

Figure 3-1. Swstem block diagram.

3.2 DECK CELIL

This wuwnit consists of a Weston rphotovoltaic cell and diffuse cosine
collector mounted in a two-axis gimbal frame. The cell 1is fitted with a
Wratten 102 spectral filterx whig!i results in photopic response and henrce
measures illuminance (lumens foct ~). The model C-1 deck cell and the model
S-1 control box~readout were manufactured by Bendix Environmental Science
Division of Baltimore, MD.

The S-1 control box was modified at NOSC to provide a millivelt analog
signal to the data recorder upon operator demand. A circuit diagram and a
calibration conversion are given in appendix F.
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The deck cell assembly was daily mounted topside on the outboard railing
of the afterdeck of ALBATROSS IV. Some occlusion of a portion of the sky was
caused by one of the ship's air exhaust stacks, but this was considered rela-
“ively insignificant in that the occluded solid angle was small, vessel orien-
tation relative to the sun was relatively fixed during the measurement period,
anc the frequency of shadow presence was small due to the generally extant
overcast conditions.

3.3 RECORDING PRINTER

Millivolt analog signals from the irradiance radiometer and from the deck
cell were applied by operator-actuated switch to a Fluke model 8800A digital
multimeter coupled to a Fluke model 2010A paper printer, which generated the

permanent printed tape. Output resolution was 10-6, accuracy was 0.01%. The
data period was 10 seconds for each record (ie, the period over which the
10-ms accumulate time, 16-bit data from the UWU are averaged). Figure 4-1 and
appendix C show typical data records.

4.0 MEASUREMENT PROCESS

These sections describe the measurements related to obtaining the desired
underwater data germane to the NIMBUS VII CZCS experiment.

4.1 SCHEDULE

The schedule outlined in table 4-1 was defined essentially as shown prior
to the first flyover. A few changes were made as the cruise proceeded. Item
6 was added near the end of the cruise. Ordinarily, all the measurements
under 5 were completed just prior to placing the NOSC radiometer into the
water to avoid the possibility of cable intertwine; ie, only one cable in the
water at one time was the rule followed.

4.2 PROCEDURE

The customary preparations for measurement and the implementation of the
radiometric measurements are listed in table 4-2.

At each data depth, the radiometer operatcr performs the required actions
to generate a printed data tape similar to that shown in figure 4-1. During
the measurement period, the continuous sequence capability of the spectral
filter changer in the underwater unit is utilized and the operator must press
the "print" button on the Fluke model 2010A printer at the appropriate times.
Hand notes indicating depth, time of day, downwelling (Dn/W) or upwelling,
(Up/W) also must be entered on the paper tape by the radiometer operator.
Depth determination is done by the radiometer operator, who reads the ICD
depth indication on the radiometer control panel and relays this information
by "walkie-talkie" radio to the deck technician and to the winch operator.
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Preparation

0 Deck cell-~Set out and connect

0 UW cable~-Place on deck for deployment

o Weight--Attach to lower portion of bridle

o Attachment--Tape lowest 5 to 6 m of UW cable to winch wire

o Walkie-talkies--Operator to deck chief.

Measurement

o Air Reference--(With unit dry) hold loop 1 to 1 1/2 m above water;
(With stabilizing weight in water) data set, Dn/W only.

o Subsurface reference--Hold hoop 1/2 to 1 m below surface; &ata set, Dn/W and
Up/W.

o 1% descent--Lower unit to estimated euphotic depth as determined by Secchi
measurement. Check for 1% reading and adjust depth as required.
Data set, Dn/W and Un/W.

o Raise to 1/2 of 1% depth-~Take data set, Dn/W and Up/W.

o Increment up~-Raise in 2 or 3-m increments. Data sets.

o Subsurface reference {(check)--Just prior to removal.

Table 4-2. NOAACZCS radiometric measurements procedure.

5.0 DATA REDUCTION

5.1 CCRRECTICN PROCEDURE

The correction procedure used and the justification for it are described
in this section.

Definition of symbols:

Let:
Rsi = raw signal as recorded on printer
RD = dark reading as recorded on printer
F.. = net signal = R__,-R
b g si D

10

&




E00 = deck cell signal at initiation of Roy measurements as recorded
on printer
E, = deck cell signal when underwater sensor is at depth Z meters,

0z
as recorded on printer
E01 = Eoz taken at start of each filter sequence
E02 = Eoz taken at end of each filter sequence
8By = Egp ~ Egy

g0 ~ Eo1 ¥ Bo2

i = filter index, 1 < i < 6.
Reference to figure 5-1 should facilitate ready comprehension of the data
correction procedure.

For any filter 1 < i < 6, the corrected signal R' (ignoring subscripts)
can be expressed as:

R* = [R + R (ISF)] (CF) (5.1)
where

IsSF

intrasequence correction factor

CF ambient correction factor.

ISF is needed because the surface ambient irradiance, Eg,s is measured and
recorded on the printer just prior to and just after each six-filter measure-
ment set (sequence); these measurements are Eg, and E02' respectively. The
assumption is made that any change in EOz' (eg, E 5 ~ E = AEO) is linear
over the sequencing interval and that linear correction is applicable.

Therefore, ISF can be expressed as

filter number E02 - E01
ISt = 3 (5.2)
E01

orxr

s Bo
ISF = 0.143 (filter number) = * (5.3)

01

The factor CF arises from the same source, the change in surface ambient,
but for a much longer temporal period than ¢€he filter sequence interval.
Change in sun elevation angle and variations in the atmospheric path (haze,

11
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light fog) are the types of phenomenon that require the correction approxi-
mated by CF. The ambient correction factor can be expressed as

CF = — (5.4)

By utilizing the above, the expression to obtain the corrected signal R' can
be written

R' = R (1 + ISF) (CF)

or AE E

) R' = R 1 + 0.143 (filter number) 2 X — (5.5)

E01 E01

For spectral filtexrs 1 through 6, table 5-1 provides the corrected signal
(relative irradiance).

Filter No
' =
1 R 1 R1 (1 + 0.143 AEO/E01) X EOO/E01
'= 1+ 0.
2 R 5 R2 ( 0.286 AEO/E01) X EOO/E01
LI i
i R i Ri (1 + 0.1431 AEO/E01) X EOO/EO1

Table 5-1. Corrected signal, R'i.

Defining a filter coefficient Py = 0.143(i), the general expression becomes

1 ] = . .
RY'; =Ry (14 08B /Byy)  Eyo/By, (5.6)

The p; are given in table 5-2:

8

Pi

0.143
0.286
0.429
0.572
0.715
0.858

BV WN -

Tabkle 5-2. Filter coefficients.

The raw signal data Rs are taken from the recording printer output strip
- (see figure 4-1) and entered on the correction work sheet (figure 5-2). The
indicated operations are then performed with a hand calculator or a computer

i3




programmed for this task. The program listing used on the Hewlett-Packard
calculator and processed data printouts are included in appendix C.

5.2 SPECTRAL CALIBRATION

The factor A heading column 8 of figure 5-2 is the calibration quantity
enabling conversion of relative irradiance R' to absolut igfadiance. "A" has
units of microwatts per volt per square centimeter (yWv om ~); its derivation
may be inferred from :ndices A and B. Since the units of the R' are
actually volts, it foll that AR' yields wWcm -

5.3 UNCORRECTED QUICK LUK

Scme of the data collected during the cruise were plotted as relctive
irradiance with no or minimal correction in order to provide a gquick look Iox
the author and for the chief ccientist. Figure 5-3 shows a field plot of
total sky illumjnance on a relative 0 tco 10-mV scale and also in photopic
units (lumens/ft”) for station 40. Sun/sky ratio is also shown. These curves
show that during the data taking period, the total illuminance (and total
irradiance) was increasing with the ascending sun, but that sun/sky decreased
because of deteriorating atmospheric conditions (increasing haze and cloudi-
ness). This phenomenon was not unusual during the cruise; indeed, often n¢
shzdows were observable; hence sun/cky was effectively zero at those times.

Figure 5-4 is a field plot of spectral irradiance at 488 nm versus depth
for station 40. Three points of the upwelling data, Up/W, were corrected aud
replotted, as were two points of the downwelling data, Dn/W. Figures 5-3 and
5~-4 illustrate the desirability of the correction technique described in
section 5-~1. Some field calculations from this and similar data for other
stations were made in the field as uncorrected quick-look indications of the
diffuse attenuation coefficient. Average values or K computag?on§ made oyver
12-m to 94-m intervals yielded values in the interval 0.03 m ' <K < .1 m .
Since £field calculations were not made at all wavelengths and were made for
relatively iong paths, the K values cited are not necessarily indicative of
any K(X). The results of calculations from corrected data will be given in
section 6.0, Data Presentation.

6.0 DATA PRESENTATION

6.1 SPECTRAL IRRADIANCE VERSUS DEPTH

Spectral irradiance, E(}), versus depth (2) for each station is plotted
in figures 6-1 to 6-12 inclusive. The program used and the processed data
printouts are included in appendix C. Straight-line fits adequately represent
the measurements in most cases. The effects of bottom reflectance on the up-
welling measurements at station 43 are evident in figure 6-6 at depths >20 m.
Bottom depth was 31 m at this site. Difficulty in fitting continuous straight
lines to the Up/W data at station 51, figure 6-10, is thought to be at least
partially due to the reflectance of the 27-m bottom.

14
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6.2 SPECTRAL DIFFUSE ATTENUATION COEFFICIENTS

Spectral diffuse attenuation coefficient, k(}), for both upwelling (Up/W)
and downwelling (Dn/W) measurements were computed from figures 6-1 to 6-12 and
are tabulated in table 6-1.

A1 A2 A3 A4 A5 A6
Sration 440 nm 488 nm 500 nm 520 nm 550 nm 670 nm
2
15 Up/W 0.329 0.21 0.187 0.17 n.144 -
Dn/wW 0.32 0.23 0.209 0.196 0.181 0.461
2
40 Up/¥W J.064 0.058 0.054 0.064 0.062 -
Dn/wW 0.039 0.035 0.039 0.056 0.075 0.073
2
43 Up/wW 0.161 0.078 0.076 0.087 0.102 ind
Dn/v 0.112 0.085 0.085 0.105 0.112 0.512
2
47 Up/W 0.058 0.05 0.05 0.072 0.103 -
2
Dn/W 0.068 0.056 0.059 0.079 0.094 -
2
51 Up/W 0.052 0.041 0-043 0.042 0.041 -
bn/wW 0.035 0.025 0.031 0.051 0.065 0.512
2
55 Up/W 0.115 0.066 0.092 0.112 0.144 -
Dn/W 0.111 0.084 0.096 0.10 0.096 0.50
1 Alog[s(k)z/Eo]
Camputation equation: X(1) = 0. 4345z
2

Inadequate sensitivity in Up/W channel for X(670) determination.
. 1
Table 6-1. Spectral diffuse attenuation coefficients K(}) -

7.0 SuSRTCOMINGS

Probably the most far-reaching limitation of these data derives from the
phencmenon over which we have the least control; that is, atmospheric condi-
tions. Most days were partially or completely overcast, as indicated in table
2-1. It appears unlikely that significant remote versus in situ correlation
can be obtained for most of the data.

A second problem area, also weather-related, was that of rapid changes
in surface ambient irradiance. Although this was monitored and periodically

18
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recorded as previously discussed in rections 3 and 4 and the correction algo-
rithm of section 5.1 was applied, thare were situations when large and rapid
changes in ambient occurred during a measurement sequence. These were at best
only partially corrected by the algorithm, and in a few cases error could have
been inserted by the algorithm. Station 55 at 24-m depth (Dn/W) illustrates

the situation described; here Eo1 = 0.00995 at the start and Eoz = 0.00328 at

the end of the measurement sequence. Refer to equation (5.2) of section 5.0
and to the listing in appendix C to see the algorithm and its effect (CORR SIG
versus NET SIG) when attempting to correct for the large, rapid ambient
change. This shortcoming can and should be eliminated by electronically
normalizing the channel signal to the deck cell signal coincident with data
recording. This equipment improvement is planned for the NOSC spectral irra-
- diance meter.

8.0 CONCLUSIONS AND RECOMMENDATIONS
' These remarks must be considered as interim pending more extensive
examination, comparison, interpretation, and possible correlation between
these spectral irradiance data, other measurements made on board ALBATROSS IV,
and the remote spectral measurements taken from the NIMBUS VII satellite.
Nevertheless, some items appear obvious:

a. Cusparison and possible correlation among spectral irradiance,
spectral «, and chlorophyll and/or suspended matter should be attempted since
hydrocasts were made at five of the six stations where spectral irradiance
measurements were made (table 2-1).

b. Possible correlation between the irradiance data and water tempera-
ture should be examined. Complete XBT charts are available for this. A
preliminary look based on the author's hand copies of the XBT charts (appendix
E) suggest that a correlation may exist where thermocline structure is sig-
nificant. See the irradiance plot for station 40, Up/W (figure 6-4) and the
XBT traces (appendix E) in the neighborhood of 25 m depth.

This comparison is all the more significant becausz the surface ambient
illumination was relatively constant at station 40 (see figure 6-3), sea state
was moderate at 1, and Beaufort wind force was 3 (7 to 10 knots). In addi-
tion, it is interesting that no significant effect is observable in the down-
welling data for station 40 (figure €-3).

It is the author's belief that awareness of and implementation of these
- recommendations will improve: the quality and quantity of in situ ocean
measuremen*s to be made on future cruises having purposes similar to those of

WOAACZCS 80-01.

Measurement process/technique - Use of the ship's electronics laboratory
as the controi site for the radiometric work performed proved highly satisfac-
tory and is recommended for future cruises. Environmental protection for the
control and recording equipment, good &acceas to the upper deck (overlooking
the after main deck where the deck technicians handled the underwater unit
assembly) as well as to the top after deck where the deck cell was stationed,

vathes it
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and sufficient remoteness from the work and activity of the biological labora-
tories all contributed to a highly efficient operation. Communication was
good by means of ship's intercom to the bridge and hand radios (walkie-
talkies) during the measurement period. Sufficient bench and electronics rack
space, as well as bulkhead ports for the instrumentation cables, were
available.

It was determined during the cruise that the Secchi depth could be used
as a fairly good indication of the euphotic depth. The rule of thumb evolved
was euphotic depth = 4  Secchi depth for measurements at 488 nm and at 500 nm
(filters 2 and 3). It is therefore recommended that the Secchi disk measure-
ment be made as shown in table 4-1; ie, prior to submerging the undexv. -
radiometer. Because of the subjectivity of the Secchi observation measu-<
ment, it is preferable to assign one observer for this task.

Measurement equipment - Significant modifications in the underwater
irradiance meter are needed to improve the quality of the measurements, to
increase the depth resolution of the irradiance measurements, and to reduce
the required time on station. An outline of the recommended modifications is
given in table 8-1. These modifications are projected for the NOSC spectral
irradiance meter; a cost estimate from the manufacturer has been requested.

Operator training - In the event the National Bureau of Fisheries
chooses to purchase and field its own underwater spectral irradiance meter, it
would be advantageous and cost-effective to provide operator orientation and
training in consort with experienced NOSC personnel. This could be accom-
plished by contracting for NOSC participation on another cruise with Fisheries
personnel initially assisting and ultimately operating the equipment.

Another possibility might be Fisheries personnel accompanying a NOSC
field effort in which the spectral irradiance meter would be used. It is the
author's opinion that the preceding recommendation would be more effective for
Bureau of Fisheries purposes because working conditionrs, support equipment,
site location, and possibly even frequency of use of the equipment of interest
could be significantly different on a NOSC field project than on a Fisheries
cruise. It is further suggested that recommendations from Cruise 80<01 Chief
Scientist R. Marak be solicited in this matter.
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Normalization Capability. Divide each channel signal by the deck cell
monitor signal. The initial deck cell reading, E_, is to be stored and
applied to each channel signal to form R', = E__ R./E , where R. is the
i channel signal, 1 < i < 6, E_ is the decko%eﬂ m%nitor sig'}'lal, and
R'i is the corrected signal which 1s to be recorded.

Over~-Flux Protection and Indication. Provide high-voltage turnoff when-
ever Ri > 10V; also provide indicator light and reset button.

Normalization Capability, Multiple Deck Cells. Same as recommendation 1
except that up to six deck cells could be used, one for each channel.
Here R', = E R./E .. BAn analog I/0O board with a minimum of eight
single-énded mputé aféo would be desirable here.

Temperature Sensor. Provide the capability of measuring and xrecording
the ambient water temperature (°C).

Analog Output for Depth Transducer. Use this to drive XY recordsr.

Analog Log Ratio Output. Use this to output log base 10 of R'i for
either 1 or 3 above. This output would be applied to XY recorder
referred to in (5).

Voltage-to-frequency Detector Assembly with High-Voltage Adjust for
Extended Dvnamic Range. This option would allow utilization of the
maximum sensitivity of the underwater sensor without the awkward and
time~consuming necessity of removing optical attenuation filters. The
over~flux protection 5 must be functional with this option. Some indi-
cation of the high~voltage range in use for the operator and for the tape
data record must be provided to permit data reduction.

Count Indicator Light. Placed adjacent to the ICD readout, this light
would be on when analog output signal is presented for any channel.

Control Console. A unit with keyboard entry, CRT display, and tape
cassette record and piayback might be the most cost-effective means of
implementing relevant recommendations above. This is presently under
consideration.

Table 8-1. Recommenc:l modifications to the SE-267 six-channel
undervater radiameter system.
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APPENDIX A

INSTRUMENT CALIBRATION

The radiometric measurement instrumentation used on NOAACZCS Cruise as
was calibrated prior to and after the cruise. The radiometric laborar w1 ¥
facility at NOSC was used for the calibrations requiring controlled =nd
repeatable illumination. An Eppley working~-standard lamp traceable to
National Bureau of Standards spectral characteristics was used as the celi-
brztion reference source for both the spectral irradiance meter and the deck
cell. No correction has been made for the "immersion factor" which would

affect the accuracy of the calibration by socme 10 to 20% for underwater
measurements.

No claim is made as to the absolute accuracy of the irradiance
measurements. From checks made during the NOSC calibrations, it was found
that factors affecting the repeatability and stability of the irradiance meter
contributed to a relative error ot no more than + 3%. It is this figvre, not

the absolute accuracy error, that impacts on the values for k(A) determined in
table 6-1.

The depth transducer was calibrated prior to the cruise. An Ametek model

T-3 comparator pressure meter was used to perform the calibration. Accuracy
is within + 0.6 m at any depth.
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SPECTRAL FILTER CHARACTERISTICS
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SPECTRAL FILTER CHARACTERISTICS

NOAACZCS Cruise 80-01

Measurements made on Cary spectrophotometer from 380 < A <

Nominal Value
{Edge Ac AX
Filtexr No Designate) {nm) (nm) Peak Transmittance
1 440 439.6 7.3 T = 0.45
2 488 487.8 6.5 T = 0.52
3 500 501.2 7.1 T = 0.51
4 520 520.9 8.1 T = 0.63
5 550 582.9 10.5 T = 0.65
6 670 668.8 11.8 T = 0.60
Wratten Deck cell, photopic
102 559 105 T = 0.67

300 nm.
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APPENDIX C

DATA FORMAT, PROGRAM, AND DATA LISTINGS
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APPENDIX F

EQUIPMENT ITEMS
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